The application of isotope-dilution methods to the study of body composition has provided accurate in vivo estimates of the amount of body sodium, potassium, chloride, water, and fat in normal human subjects of both sexes at many age levels (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) . Similar studies in a variety of disease states have shown changes in body composition characterized by decreases in body fat, cell mass, and body potassium, and increases in body sodium and water, when these values are expressed on a body weight basis (11) (12) (13) (14) (15) (16) . While this pattern of change in composition is apparent in chronically ill or acutely stressed patients who are free of edema, it is particularly pronounced in edematous subjects (13, 14, (16) (17) (18) . These studies, however, have not indicated whether there are changes in the proportions of body sodium, potassium, and water which are specific for a disease state. Recently, Farber and Soberman (19) noted that edematous patients with heart disease have less body water and a higher ratio of exchangeable sodium to body water than edematous patients with hepatic or renal disease. They suggested that heart failure invokes an increase in body sodium content out of proportion to the gain of extracellular water. Similar comparative stud-ies with respect to body potassium have not yet been reported, although low values have been noted in chronically ill patients with and without edema (15, 16, 18, (20) (21) (22) (23) . The lack of a practical method for estimating body fat, however, makes it difficult to decide whether these findings represent a loss of cell mass or a decrease in the proportion of potassium to cell mass.
These studies need to be extended because of difficulties in quantitating and interpreting changes in body composition in edematous patients. It has recently been shown that equilibrium of isotope distribution may be delayed in edematous subjects (18) . The variations of body composition with sex (5, 8, 16) , age (5, 7, 8, 24, 25) , nutrition (5, 7, 12, 16) , and treatment (15, 19, 22, 26) make it important to assure that changes ascribed to a disease are not a reflection of some of these other factors.
The objectives of the present investigation were to compare total exchangeable sodium (Nae), total exchangeable potassium (Ke), and total body water (T.B.W.) in patients with edema due to congestive heart failure and in patients with edema due to cirrhosis of the liver, to add information on differences in body composition in edematous and edema-free patients, and to clarify the interpretation of changes in body potassium content.
Sodium24, K42 and D20 were used as tracers in this study, and the findings are expressed as Nae/ T.B.W., Ke/T.B.W., Nae/Ke, Nae/"dry" body weight, and Ke/"dry" body weight, as well as the usual expressions per unit of body weight. The results failed to confirm a disproportional increase in body sodium or a higher ratio of body sodium to body water (Nae/T.B.W.) in patients with congestive heart failure compared with patients with cirrhosis of the liver. However, distinct differences in body composition were found 687 Congestive heart failure-edema +1
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Group VI: Four edematous females with congestive heart failure. Group VII: Three nonedematous female hospitalized "controls." Only subjects in whom an unequivocal diagnosis could be made by clinical and laboratory criteria were included for study. All patients received the customary treatment for their disease up to the week of study. The period of hospitalization, duration of treatment and loss of weight prior to the time of study were similar in the subjects with edema of cardiac and hepatic origin. The hospitalized "control" group consisted of patients without either heart disease or cirrhosis of the liver who had never been edematous. All patients were fed an analyzed diet containing 10 mEq. of sodium and 28 mEq. of potassium per 24 hours for at least one day prior to and the three days of study. Diuretics were withheld during the period of study. Food and fluid were withheld for the six hour period of D2O equilibration.
Methods. All isotopes were administered intravenously from calibrated syringes. Three hundred ;Lc. of K4 was administered in the afternoon of the first day of study. Thirty-six to 40 hours later, following a complete voiding, two consecutive spot urine specimens were collected over a three to six hour interval. Catheterization was used when necessary to ensure complete urine collection. At the time of the first spot. urine collection, 45 to 100 ml. of 99.5 per cent D20 was injected. Four and onehalf and six hours later, venous blood was collected for deuterium, sodium, and potassium analyses; 150 jsc. of NaO was then injected. Venous samples for Na2 assay were collected 23 and 24 hours later.
The analytic procedures for chemical and radioactive assay have been described in detail (18) . Potassium4 was counted with an end-window Geiger-Muller tube, and Na' with a well-type sodium iodide scintillation counter.
Serum collected just prior to Na" injection was counted as a blank correction for residual K" at the time of radiosodium assay; this correction was less than 2 per cent in all cases. DO concentrations were determined in triplicate on each specimen by the falling drop method. Tables  III through VII list all the body composition data and the derived ratios of Nae/T.B.W., Nae/"dry" body weight, Nae/Ke, Ke/T.B.W., and Ke/"dry" body weight. The statistical summary for the male subjects in Group I (cirrhosis of the liver with edema), Group II (congestive heart failure with edema), and Group III (hospitalized "controls") is given in Table VIII .
Total body water
The mean values for T.B.W. as per cent of body weight for edematous males with cirrhosis of the liver and congestive heart failure were 58.6 and 62.9 per cent, respectively; these values were significantly greater than the mean of 54.6 per cent for male hospitalized "controls." The difference between the mean values in congestive heart failure and in cirrhosis of the liver is not statistically significant. Although the female subjects were few in number, the values for T.B.W. in those with heart failure average less than in those with cirrhosis of the liver (See Table VII ).
The three males with heart disease who were no longer edematous had the highest mean value for T.B.W.. as per cent of body weight (See Table VI (Tables III, IV , V and VIII and Figure 1 ). These findings confirm the relationship between edema formation and increased body sodium content (18) . There is, however, no statistically impressive difference in Nae/body weight between Groups I and II (cirrhosis and heart failure) (See Table VIII Tables III,  IV , V and VIII and Figure 1 ). This ratio is of the same magnitude in the edematous female subjects and in the nonedematous patients with heart disease as in the edematous male subjects (see Tables VI and VII) .
Expressing body sodium in proportion to "dry" weight or to body water takes into account the effect of variations in absolute water content on relative body sodium content, but these ratios do not reflect the proportion of sodium to the fat-free mass of the body. The Ke, however, may be an approximate index of lean body mass even in these seriously ill subjects. The ratio of Nae/Ke was = ( -X X).. n(n -1) (S -3).
-xi2+ Z (X2 -X2)2 * t = (xR-X2) Q x ni n2(n, + n2 -2) (S-3).
therefore calculated for each subject. The following mean values for the ratio of Nae/Ke were obtained: "controls," 1.24; male patients with edema and cirrhosis, 1.75; and edematous males with heart failure, 1.71. The values in the edematous patients differed significantly from those of the "control" group, but sodium content, when referred to an approximate measure of intracellular mass (Ke), was similar in edematous subjects regardless of type of disease (see Table VIII and Figure 1 ). In the three subjects with heart disease without edema the Nae/Ke ratio was intermediate between the value for the edematous subjects and the value for the hospitalized "controls" (see Tables VI and VIII) .
Total exchangeable potassium
The mean values for Ke/body weight for Groups I, II, and III (cirrhotics, cardiacs, and "controls") were 32.0, 35.4, and 37.2 mEq. per Kg., respectively. Only the difference between the "controls" and the edematous cirrhotics approaches statistical significance (0.05 > p > 0.02) (see Table  VIII ). Nor are there any significant differences in Ke per Kg. of "dry" body weight between the edematous male subjects and the hospitalized "controls." The higher value in the edematous male cardiacs compared with that in the edematous male cirrhotics is of borderline significance, and the female subjects show an opposite trend (see Tables VII and VIII) . The values for Ke/"dry" body weight in the male subjects with heart disease but without edema also were high (see Table VI ). Since the ratio of Ke to "dry" body weight reflects relative degrees of leanness as well as changes in potassium content, the latter findings probably indicate fat loss rather than conservation of potassium.
As one would expect, the ratio Ke/T.B.W. was significantly lower in patients with edema than in nonedematous subjects. The mean values for the Ke/T.B.W. ratio were 68.2 for "controls," 54.7 for edematous male cirrhotics, and 57.0 for edematous male cardiacs. The edematous groups differed significantly from the "controls," but not from each other (see Tables III, IV , V, and VIII and Figure 2) . The results were the same in the female subjects (see Table VII ). Indeed, these results reflect largely the diluting effect of overhydration on this ratio, and the reciprocal of this ratio (Ke/T.B.W.) is probably a fairly accurate measure of the magnitude of edema formation. The similarity of this ratio in Groups I and II probably indicates similar proportions of overhydration with respect to potassium content in these subjects. Figures 1 and 2 depict the data on body composition in the three primary groups of patients. The Nae/T.B.W. ratio in the edematous patients with congestive heart failure is no different from that in the edematous patients with cirrhosis of the liver. The Nae/body weight and the Nae/"dry" body weight in edematous cardiacs exceed the corresponding value in the patients with liver disease, but the difference is not statistically convincing (p > 0.05). There are, furthermore, strikingly similar differences in Ke/body weight and Ke/"dry" body weight between these two groups (see Table VIII and Figure 2 ). Although the higher Nae/body weight and Ke/body weight in the cardiacs might reflect changes in electrolyte content characteristic of these disease states, it is far likelier that the patients with liver disease had a higher percentage of body fat which diluted these parameters of body composition, i.e., Nae and Ke (see Table VIII ). Edema formation appears, therefore, to be associated in these groups of subjects with similar changes in body composition, regardless of the type of disease. These results do not confirm the report of a lower body water content and a higher ratio of body sodium to body water in edematous subjects with heart disease than in edematous cirrhotics (19) . Exchangeable sodium per Kg. of "dry" body weight and per L. of body water is high in subjects with heart failure rendered edema free (see Table VI ). The T.B.W./body weight and the ratio of Ke to "dry" body weight are higher in these three subjects than in the "controls," while Ke/T.B.W. is slightly lower (see Tables VI and VIII) Figure 1 .
DISCUSSION
consistent with the previous conclusion that greater depletion of body fat, rather than selective accumulation of sodium, is involved in the process of heart failure.
The differences in the results obtained by us and those reported by Farber and Soberman (19) deserve some analysis. The Nae and T.B.W. data are summarized in Table IX . The results agree within 4 per cent except for the body water values and consequently the ratio of Nae/T.B.W. in the groups with heart failure. These discrepancies could arise from differences in patient populations (i.e., average fat content, influences of treatment, incidence of hyponatremia or amount of edema) or in methods of measurement. All our subjects had been treated and had long standing congestive heart failure; as a result fat content may have been lower. There is little difference in the mean and variance with respect to serum sodium concentration in the two groups [see Table IV (19)  and Table IV , this paper]. While differences in the amount of edema in the two groups could account for differences in T.B.W., this would not explain the discrepancy in the Nae/T.B.W. ratio. Our results appear to be characteristic of the patient population with heart failure at this hospital since they are in agreement with those obtained previously (18) . With respect to methods of This would be possible only with a massive degree of potassium depletion. An alternative possibility is that the distribution of antipyrine may be delayed in some cases of congestive heart failure, yielding low values for T.B.W. Figure 1 demonstrates that edema formation is associated with a parallel increase in body sodium with respect to all four standards of reference (body weight, "dry" body weight, T.B.W., and Ke), which confirms the findings in many previous studies (13, 14, 16, 18, 19, 26) . Body potassium was no lower in the patients with edema than in the hospitalized "controls" when the diluting effect of edema water was eliminated. The values for Ke/body weight in these patients are in accord with those published previously (11, 15, 16, 20, 22, 23) . Body potassium appeared to be abnormally low in all patient groups. The Ke/ "dry" body weight in young adult males calculated from the data of Corsa, Olney, Steenburg, Ball, and Moore (2) is 129 ± 20 mEq. per Kg.6 and from the data of Ikkos, Ljunggren, Luft, and Sjdgren (9) is 137 + 31 mEq. per Kg.6 These figures are significantly higher than the values of 80 + 20 mEq. per "dry" body weight 7 in the male cirrhotics and 83 ± 14 mEq. per "dry" body weight 7 in the male hospitalized "controls" (see Table VIII ). The female patients all showed similar decreases in body potassium (see Table  VII ). The near normal values of 99 ± 27 mEq. per Kg. "dry" body weight in the edematous cardiacs and 110 ± 15 mEq. per Kg. "dry" body weight7 in the nonedematous cardiacs probably reflect more advanced degrees of fat depletion rather than greater conservation of body potassium. Since disease is generally attended by loss of body fat, these figures relating body potassium to water-free body mass probably underestimate the degree of potassium depletion in all of these groups. 6 Mean plus or minus one-fourth of range. 7 Mean plus or minus standard deviation.
The conclusion that there is depletion of body potassium with chronic or debilitating disease is supported but is not definitively proved by our data. There are very few K6 figures available for normal subjects of middle and older ages for comparisons with our data. In addition, potassium content is a function of lean body mass, and until methods are available for simultaneous estimation of total body fat, it is not possible to quantitate potassium loss precisely. Moore and his coworkers (23, 27 ) used radiobromide to estimate extracellular fluid simultaneously with K6, Nae and T.B.W., and concluded that intracellular potassium concentration is normal in starvation and depletion states in spite of reductions in body potassium. The heterogeneity of extracellular fluid makes these estimates inconclusive, however, since sodium and chloride are present in cells, transcellular fluid and dense connective tissues in varying quantities which have not yet been completely defined (28) (29) (30) (31) (32) .
A clear distinction must be made between potassium depletion and potassium deficiency. The former refers to a decrease in potassium content per unit of lean body mass which may be an obligatory consequence of the disease process, since intracellular potassium accumulation is linked with cellular energy expenditure (32) . In the latter case the cells are capable of accumulating potassium when it is provided in adequate quantities. Body composition studies alone do not, of course, enable one to make this distinction.
SUMMARY
Total exchangeable sodium, total exchangeable potassium and total body water were determined in nonedematous hospitalized '"controls" and in edematous patients with cirrhosis of the liver and chronic congestive heart failure with the use of Na24, K42 and D20 as tracers.
Total body water expressed as per cent of body weight is increased in edematous subjects; it averaged 58.6, 62.9 and 54.6 per cent in male subjects with edema and cirrhosis and with edema and heart failure, and in "controls," respectively.
Edema formation is associated with an increase in Nae by all criteria (per unit body weight, per unit "dry" body weight, per liter of body water and per mEq. of K6). While the Na6/"dry" body weight was highest in the edematous cardiac group, no difference was found in the ratios of Nae/T.B.W. and Nae/Ke between edematous cirrhotic and edematous cardiac subjects. Selective or disproportionate accumulation of sodium with heart disease beyond that associated with edema formation was not demonstrated.
Exchangeable potassium was decreased below normal standards when referred to either body weight or "dry" body weight in all groups of patients. There was no difference in body potassium between edematous and nonedematous subjects when referred to "dry" body weight. Edematous male cardiacs had the highest Ke/"dry" body weight, probably because total body fat was least in this group.
Limitations in interpretation of these data are discussed.
